We describe the biochemical features of the putative cell cohesion molecule antigen 117, indicating that it is anchored to the plasma membrane by a glycolipid tail. Antigen 117 can be radiolabeled with [3H] 
palmitate. The molecular weight of the released antigen is similar to that found in the plasma membrane, but it preferentially partitions in Triton X-114 as a hydrophilic, as opposed to a hydrophobic, protein. Plasma membranes contain the enzyme activity responsible for the release of the antigen in a soluble form.
Some cell surface proteins appear to be anchored to the plasma membrane by a phosphatidylinositol-glycan (PI-G) moiety. Included in this category are alkaline phosphatase, a neural cell adhesion molecule, and the variant surface glycoproteins of Trypanosoma (1, 2) . Characteristic components of this PI-G structure are a glycan of variable composition, glucosamine, ethanolamine, inositol, and fatty acids. Although the details as to the biogenesis and addition of this structure to the protein moiety are as yet undefined, it does appear that it is an early event that occurs independently of N-linked glycosylation (3, 4) . The terms PI-G tailing (5) and glypiation (1) have been used to refer to this reaction.
Most of the PI-G-tailed proteins identified, to date, are from higher eukaryotes. Here we report the presence of a similar structure in Dictyostelium discoideum. Antigen 117 is a glycoprotein present on the surface of these cells primarily during the aggregation phase of their life cycle. The current data suggest that antigen 117 functions as a cell-cell cohesion molecule at that time (6) . The mature antigen is composed of two forms of69 and 72 kDa. These forms are generated by the extensive modification of a 52-kDa protein. The doublet forms arise as a result of the addition of different (either qualitatively or quantitatively) N-linked oligosaccharide chains: The first detectable precursor to the mature antigen is a doublet of 60 and 62 kDa. All of the oligosaccharide chains present on the precursor are sensitive to endoglycosidase H digestion, and the product of such digestion is a single polypeptide of 52 kDa (7) . A subsequent posttranslational addition of a carbohydrate-containing structure(s) to both forms of the precursor accounts for the increase in molecular mass to produce the mature forms (7, 8) . This post-translational modification can occur independently of N-linked glycosylation (8) .
We have undertaken a series of experiments to characterize antigen 117. Here we show that the antigen can be radiolabeled with compounds contained in a PI-G tail. The ability to remove the fatty acid component by selective degradative procedures also argues strongly for the presence of such a structure in antigen 117. In addition, evidence for an endogenous enzyme functional in cleaving antigen 117 from the cell surface is presented.
MATERIALS AND METHODS
Cell Culture Conditions. Ax-2 amoebae were grown in HL-5 medium (9). Cells were starved as spinner suspensions at a density of 10' cells per ml of 20 mM sodium phosphate, pH 6.4 (10) .
Radiolabeling Medof et al. (13) . The antigen was then solubilized in NaDodSO4/PAGE sample buffer and applied to 10% polyacrylamide gels as described by Laemmli (14) . Immunoblots were performed as described by Towbin et al. (15) and probed with antibody to antigen 117 as described (7) . Phase partitioning in Triton X-114 was performed as described by Malik and Low (16) .
Abbreviation: PI-G, phosphatidylinositol-glycan. Low) or Bacillus cereus phospholipase C (purchased from Sigma) were added, and the reaction was allowed to proceed at 370C for 60 min. Alternatively, the antibody-antigen complex was dissociated prior to the addition of enzyme (17) . Enzyme sufficient to hydrolyze 10 umol of substrate per min was added. Samples were analyzed by NaDodSO4/PAGE and by autoradiography and were compared to samples incubated without added enzyme. Release of Antigen 117. Cells were starved in spinner suspension for 6 hr, at which time they expressed aggregation competence (10) . Cells were then pelleted by centrifugation at 3000 x g for 3 min, and the resulting supernatant fraction was centrifuged at 100,000 x g for 1 hr. This fraction, S-100, was used either for immunoblots or analyzed by immunoprecipitation, NaDodSO4/PAGE, and autoradiography (if the cells had been radiolabeled). The cell pellet was resuspended in its original volume and used for similar analyses. The plasma membrane-enriched fraction was prepared as described (18) . All buffers used in the preparations contained the following mixture of nine protease inhibitors: 5 mM phenanthroline, 2 mM N-carbobenzoxyphenylalanine, benzamidine (1 mg/ml), chymostatin (1 mg/ml), pepstatin (1 mg/ml), leupeptin (1 mg/ml) 7-amino-1-chloro-3-tosylamido-2-heptanone (TLCK; 1 mg/mi), L-1-tosylamido-2-phenylethyl chloromethyl ketone (TPCK; 1 mg/ml), aprotin (5 mg/ml), and antipain (10 mg/ml). Prior to each experiment, membranes were washed three times in buffer A (20 mM Tris HCl, pH 8/ 5 mM MgCl2/0.1 mM dithiothreitol/1 mM EDTA/1 mM EGTA/protease inhibitors) and centrifuged at 15,000 x g for 3 min. Membranes were incubated in that buffer for the times indicated and then removed by centrifugation at 15,000 x g for 10 min. The resulting supernatant fraction was further centrifuged to obtain an S-100 fraction. The pelleted membranes were resuspended in their original volume of buffer A. Equivalent aliquots of the S-100 and membrane fractions were analyzed by immunoblot. Relative amounts of antigen present in various fractions were determined by densitometer scanning of autoradiograms with the Bio-Rad model 620 video densitometer. Cells were starved for 2 hr and then incubated with these compounds for an additional 4 hr. Antigen 117 was immunoprecipitated and analyzed by NaDodSO4/PAGE and autoradiography. As shown in Fig. 1 The ability to radiolabel antigen 117 with fatty acid and ethanolamine is consistent with the presence of a PI-G tail on antigen 117. In such a structure, the fatty acids are linked to the protein by a glycan, as opposed to being directly attached to the protein by an ester or amide bond (1, 2) . Therefore, specific treatments that would destroy the glycan component or disrupt other linkages in the glycolipid structure would be expected to release the fatty acid from the protein moiety. As shown in Fig. 1 Several glycolipid-tailed proteins have been shown to be sensitive to the action of phosphatidylinositol phospholipase C (1, 2), although two other such PI-G-tailed proteins are resistant to that enzyme (13, 19) . We examined the ability of purified phosphatidylinositol phospholipase C to release the fatty acid label from antigen 117. We did not observe a loss offatty acid label from the antigen. Parallel experiments were also performed with B. cereus phospholipase C, which is primarily active against phosphatidylcholine and phosphatidylserine. This enzyme was also ineffective in releasing the fatty acid label from antigen 117 (data not shown).
Release of Antigen 117. It is believed that the PI-G structure serves to anchor proteins to the plasma membrane since treatment of intact cells with added phosphatidylinositol phospholipase C results in the release of some cell surface proteins that are anchored in this manner (1, 2). For trypanosomes, an endogenous phospholipase activity has been observed that, in certain instances, converts the PI-G-tailed variant surface glycoprotein from a membrane-bound to a soluble form (2, 20, 21) . To examine the possibility that D. discoideum amoebae contained a similar enzymatic activity, we starved cells until they were aggregation competent (6 hr), and the levels of antigen in the medium and associated with the cells were determined by immunoblot analysis. Fig. 2 shows that antigen 117 accumulated in the medium as cells developed aggregation competence (6 hr of starvation). The level in the medium was =25% ofthat found in the cells at that developmental stage (lanes 1 and 2) . Both forms ofthe mature antigen were released. That the presence of the antigen in the medium was not due to cell lysis or shedding of cell membranes was indicated by the inability to sediment the antigen at 100,000 x g for 1 hr. The mobility of the released antigen on NaDodSO4/polyacrylamide gels was similar to that of the membrane-bound form of the antigen, indicating that its release did not reflect its proteolysis or destruction of the oligosaccharide moieties.
The plasma membrane-enriched fraction prepared from aggregation-competent cells retained the activity necessary to release antigen 117 in a soluble form. When membranes were incubated in buffer A for 30 min, the antigen appeared in the S-100 fraction (Fig. 2, lane 3 were pelleted and the medium was centrifuged at 100,000 x g for 1 hr. Antigen 117 was immunoprecipitated from the S-100 fraction and analyzed by NaDodSO4/PAGE and autoradiography. Parallel experiments were performed with the membrane-bound form of the antigen to verify its efficient radiolabeling under all circumstances. As shown in Fig. 3 , antigen 117 in the S-100 fraction was radiolabeled with [14C]ethanolamine and [35S]methionine (lanes 2 and 4) but was not radiolabeled with either fatty acid (lanes 1 and 3) . In addition, the hydrophobic nature of the released antigen was examined by phase partitioning in Triton X-114. The released antigen was preferentially recovered in the hydrophilic phase, whereas the antigen isolated from the cell membrane was preferentially recovered in the hydrophobic phase (data not shown). It would appear from these data that the release of antigen 117 from the plasma membrane by cells involves the removal of the fatty acid chains from the antigen, rendering it a more hydrophilic character.
DISCUSSION
A number of components have been shown to be anchored to the cell membrane by the complex structure proteinethanolamine-glycan-glucosamine-inositol-fatty acid. The present data suggest that such a structure is apparently phylogenetically conserved and is present in the lower eukaryote D. discoideum. The constituents of the PI-G-tail structure of mammalian cells-ethanolamine, a glycan moiety, glucosamine, and fatty acid-are similar to those found in antigen 117. We have obtained evidence for the presence of inositol in the structure present on antigen 117 by incubating cells with myo-[3H]inositol. Labeling of the antigen was observed, although it was relatively inefficient (A.M.S., unpublished observations). To our knowledge, radiolabeling ofa PI-G tail with myo-[3H]inositol has only been reported for alkaline phosphatase (22) . Direct chemical analyses should validate the nature of the phospholipid moiety. This is of particular interest in light of the report (23) that the glycolipid tail of human erythrocyte acetylcholinesterase is distinct in its composition. It contains palmitate, a 1-alkyl-2-acylglycerol, and a modified phosphatidylinositol, rendering it insensitive to phosphatidylinositol phospholipase C digestion (23, 24) . With Fig. 1 .) The arrow indicates the position of the 69-to 72-kDa molecular mass range.
palmitate and is also insensitive to phospholipase C. Preliminary observations suggest that a significant proportion of the [3H]myristate incorporated into antigen 117 is not readily released by either acid or base hydrolysis, suggesting that an alkyl linkage may be present in the glycolipid tail. Specific features of the glycolipid tail of antigen 117 and the reason(s) that it is phospholipase C resistant should be elucidated most directly by chemical analyses.
It is not clear why glycolipid tails are used to anchor certain proteins to membranes. For antigen 117, this modification seems sufficient to localize and orient the antigen on the plasma membrane, since these events are apparently undisturbed when N-linked glycosylation of the antigen is inhibited (8) or in modB mutants (A.M.S., unpublished observations).
[modB mutants (25) (27) . It is likely that, to ensure appropriate contact formation, the distribution of the antigen on the cell surface must change. For example, the initial contact between cells is apt to occur by the leading edge of the pseudopod. Such contact formation would benefit from a localized concentration of the molecule(s) involved in mediating that event. However, since pseudopods are continuously being replaced by other pseudopods during the migration of cells toward one another, the localization of the antigen would need to change rapidly. This capacity may be imparted by the glycolipid tail.
Amoebae have also developed a mechanism to remove the fatty acid from antigen 117 and, in so doing, release the antigen into the medium. The characteristics of the released antigen are consistent with it being removed from the surface membrane by a phospholipase activity. The enzyme responsible for the release of antigen 117 was found in the plasma membrane-enriched fraction. Given our observations that antigen 117 is not a favorable substrate for exogenous phospholipases, the enzyme endogenous to D. discoideum may be able to hydrolyze a wider range of PI-G-tailed structures, in particular, those found in other systems to be resistant to phospholipase C. In this regard, it is of interest to note the descriptions of a PI-G-specific phospholipase D in plasma that has the capacity to hydrolyze the PI-G tails of several proteins, including those resistant to phosphatidylinositol phospholipase C (28, 29) .
To our knowledge, this report is one of the first demonstrations that a phospholipase may function to release a glycolipid-tailed protein from the cell surface under physiological conditions. An endogenous phospholipase C in Trypanosoma brucei has been shown to convert the membrane form of variant surface glycoprotein to a soluble form during cell lysis (20, 21) , but the physiological function of the enzyme remains unknown (30) . The finding that, as part of the developmental program of D. discoideum, antigen 117 is released from the cell surface by what appears to be an endogenous phospholipase indicates that the susceptibility of PI-G-tailed proteins to phospholipases may indeed be physiologically important. For D. discoideum, it may be that the release of antigen 117, as opposed to its internalization and degradation, is the preferred means of eliminating the antigen from the surface. Whether or not this represents a metabolically more efficient means of eliminating the antigen or a way of generating a secondarily acting component(s) is not clear. Continued work along these lines-the characterization of the enzyme that releases antigen 117, studies of its developmental regulation, and the identification of other glycolipidtailed proteins-will provide important information regarding the biogenesis and function of this structure in development.
